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Pa«9ntBn8pr(]ichi®: 

1. Verfahren zur kovalenten BIndung von blologlsch aktlven Verblndungen an substituierte 
Polyoxyalkylenglykole und Ihre MonoalkoxyderivatG,dadurch gokonnsalchnet, daS biologisch 
aktive Verblndungen an Thiolgruppen, prlmareAminogruppen,Amidoximgruppen. 
HydroxamsSuregruppen oder KarbonsSurehydrazldgruppen enthaltende Polymer©, abgeleltet 
yom Polymertyp der Polyoxyalkylenglykole oder Ihrer Monoalkoxyderlvate, die In waiSrIgen 
Lbsungen Im pH-Bereich von 2 bis 12 oder organlschen Ldsungsmlttein bezlehungsweise 
Losungsmittelgemlschen aus organlschen Ldsungsmlttein oder Gemlschen von waiSrlgen 
Losungen und organlschen Ldsungsmlttein bei Reaktionstemperaturen im Berelch von 0»C bis 
150'C im Verlaufe von 30 iVIinuten bis 8 Stunden, gegebenenfalls in Gegenwart eines 
sSurebindenden MiUels oder einer Puffersubstanz, mit bl- oder multlfunktionellen 
Aktivierungsmittein aktiviert warden, In waSrigen Ldsungen, gegebenenfalls gepuffert oder in 
organlschen L6sun6smitteln,gegebenenfallsinGegenwarts§urebindenderMiUeloderGemischen 
aus waRrigen Losungen und organlschen Ldsungsmlttein, die gegebenenfalls gepuffert oder mit 
saurebindenden iWitteIn versetzt sind oder Gemlschen organischer Ldsungsmittel. gegebenenfalls 
ebenfalls in Gegenwart von saurebindenden iViltteIn, im Verlaufe von 30 Minuten bis 12 Stunden 
bei Temperaturen von O'C bis leO'C kovalent gebunden werden und die Isolierung und Reiniguna 
nach an sich bekannten Varfahren erfolgt. 

2. Verfahren nach Anspruch 1, dadurch gekonnzalchnei, daB als biologisch aktive Verblndungen 
Biokatalysatoren wie Enzyme, Mikroorganlsmen, tierische, pflanzliche und humane Zellen, 
Zellorganellen, synthetische Enzyme und Koenzyme oder blokatalytisch inaktlve Proteine wie 
Antigene, Antikdrper, Wachstumsfaktoren, Blutgerinnungsfaktoren, Interferone, Hemoproteine, 
Albumine, zuckerbindend© Proteine oder In vitro hergestellte Konjugate aus Biokatalysatoren und 
blokatalytisch inaktiven Proteinen oder nieder- und hochmolekulare Effektoren wie Nukleinsauren 
Bruchstucke von Nukleinsauren, Koenzyme, Peptide, Haptene, Hormone, Vitamine, Pharmaka. ' 
Sauerstoff bindende, aktivierende und transportierende, synthetische Verblndungen sowie 
Affinitatsliganden eingesetzt werden. 

3. Verfahren nach Anspruch 1, dadurch gekennzelchne«, daK als bi- oder multifunktionelle 
Aktivierungsmittel DIaldehyde, diazotierte, aromatlsche Diamine. Diisocyanate, Diisobiocyanate, 
gleichzeitig Diisocyanat- und Dilsothiocyannatgruppen enthaltende Verblndungen, bisaktivlerte 
Derivate von Dikarbonsauren wie Saurechlorlde, Saureazide und aktivierte Ester, Diepoxide, 
Chinone. Epihalogeniiydrine, Karbodiimide, 2,4,6-Trihalogen-1>3,5-triazineoder 
2-substituierte, 4,6-Dihalogen-1,3,5-triazine eingesetzt werden. 

4. Verfahren nach Anspruch 1 und 3, dadurch gekotinselchneft, dalJ die Aktivierungsreaktionen in 
organlschen Ldsungsmlttein oder Gemlschen organischer Ldsungsmlttel im Verlaufe von 

30 Minuten bis 6 Stunden bei Reaktionstemperaturen von 20»C bis BO'C ausgefOhrt werden bei 
Sauren freisetzenden Aktivierungsreaktionen In Gegenwart eines sSureblndenden Mittels 

5. Verfahren nach Anspruch 1 bis 4, dadurch gaNnnzelchnet, da(5 die kovalente BIndung der 

bio ogisch aktiven Verblndungen in Pufferldsungen mit pH-Werten von 2,0 bis 12,0 bei 0»C bis 60X 
im Verlaufe von 1 Stunde bis 12 Stunden orfolgt. 

6. Verfahren nach Ansprtich 1 bis 4, dadurch geftannsalchnet, dalJ die kovalente BIndung der 
biologisch aktiven Verblndungen in waSrigen Ldsungen, Gemlschen diesor mit organlschen 
u°^"^<?o!I"^" . o' Ldsungsmlweln oder Gemlschen organischer Ldsungsmlttel bei O'C 
bis 100 C, bei Sauren freisetzenden Reaktionen In Gegenwart einer Puffersubstanz oder eines 
saurebindenden iViitteis, im Verlaufe von 1 Stunde bis 10 Stunden erfolgt 

7. Verfahren nach Anspruch 1 bis 4 und 6, dadurch gekeanzelchnei, daB die kovalente Bindung von 
Biokatalysatoren, vorzugswelsevon Enzymen. in organlschen Ldsungsmlttein oder Gemlschen 
organischer Losungsmittel, bei SSuren freisetzenden Reaktionen In Gegenwart eines 
saurebindenden Mittels, bei CC bis lOO^C Im Verlaufe von 1 Stunde bis 10 Stunden erfolgt 

8. Verfahren nach Anspruch 1 bis 3, 4, 6 und 7, dadurch gakennzelchne*, daB als saurebindende IViittel 

A®.? r,® u"^'"®' "^Ifocyclen mit endocyclischem, tertiSrem Stickstoffatom, Alkallhydroxide, 

Alkahkarbonate, Aikalialkoholate Oder Alkalisaize kondensierterAromaten und Heteroaromaten 
eingesetzt werden. 

■ . Verfahren nach Anspruch 1 bis 8, dadurch gaketinselchnet, daB als Biokatalysatoren Enzyme aus 
den Klassen der Oxidoreduktasen,Transferaseri, Hydrolasen und Isomerasen eingesetzt werden. 
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Anwendungsgebiet der Erllnduno 

Die Erfindung betrlfft ein Verfahrcn sur kovalenten Blndung von blologtsch aktlvon Verblndungen an substitulerte 
Polyoxyalkylenglykolo und ihre MonoalkoKyderlvato. Das Varfahren und dio danach hsrgestellten Verblndungen kfinnen In dor 
Biotechnologle, Blochemie, Pharmazle und Medliln angewendet warden. 



Charahterlstlh des bakannten Standes der Technik 



Makromolekularo Verblndungen mit Aminogruppen werden eehr oft und solche mit Thiol-, Amldoxim-, HydroxamsBure- oder 
Karbonsaurehydrazldgruppen wenlger zur Immoblllslerung blologisch aktlver Verblndungen verwendet (Methods Enzymol 
1 988, 137, llmmoblllzed Enzymes and Cells], Pt. A-0, Ed. by K. Mosbach). In dleser Form kCnnen die mit dan genannten, 
funkt onellan Qruppen versehenen MakromolnkQIe be! Immobillslerungsreaktlonen allerdlngs nur eingesetzt werden. wann 

reaktlve,hochaktivlerto6ruppenbe8itzende,blologlschaktlvoVerblndungenandleiViakroniolekaiekovalentgBbunden werden 
sollen. In der Regel werden bei Immobillslerungsreaktlonen aber die makromolekularen Verblndungen mit dan genannten, 
funktionellen Gruppen vor der kovalenten Blndung der blologisch aktiven Verblndungen aktivlert, was praktisch bedeutet, daB 
die funktionellen Gruppen der MakromolekQIe In einen solchen reaktlven Zustand OberfOhrt werden mOssen, daG eine 
Verdunnungsreaktion balder Komponenten erfotgen kann, 

in Amino-, Thiol-, Amldoxim-, KarbonsSurehydrazld- und HydroxamsSuregruppen- In latzteren Verblndungen kann als 
tautomere Form ebenfalls die Oximgruppe =NOH vorllegen - enthaltenden Verblndungen beslUen die funktionellen Gruppen 
nukleophile Eigenschaften, so daB die nukleophllen Substltutlonsreaktionen und auch verschiedenartigsten 
Additionsreaktionen zugSnglich sind. Diese Reaktlonstypen gehttren zu den grundtegenden Reaktlonen der Synthesechemie, 

undaufdieseWeisekdnnendurcheineVielzahi von VerknOpfungsreaktionenvonzwelodermehrerenbekannton Verblndungen 
neue Verblndungen synthetlslert werden. DIese Reaktlonsprinzlplen werden auch zur Aktlvlerung der zur Immobillsierung von 
blologisch aktiven Verblndungen geelgneten, unlfislichen MakromolekQIe wie Zellulose, Sepharosen, Sephadexe oder Poly- 
hydroxyethylmethakrylate angewendet. Mit Vorteii werden In diesen FSIIen aehr oft bi- bezlehungsweise multifunktionelie 
^^Bdermolokulare Aktlvlerungsmlttel verwendet, well aul diese Welso schon nach einem Reaktlonsschritt das MakromolekOi In 
aktlvlerter Form vorliegt. Unter don bi- oder multlfunktloneilen und zur Aktlvlerung von MakromolekQIen geeignoten 
Aktlvierungsmittein sind eIne VIelzahl leicht zugangllcher. chemlscher Reagentien, die fOr eIne Aktlvlerung in Frage kommen. 
Eintge wichllge sm J zum Beisplel Diaidehyde, aktivlarte Dikarbonsfiurederlvate, allphatlsche, durch Aktlvlerung reaktiv 
geniachte aromatische und heteroaromatlsche Dihalogenlde bezlehungsweise hflhor halogenierte Verblndungen und 
funktionalislerte und gleichzeltig reaktiv gemachte DIaminoverbindungen. 

In waurlgen Ldsungen und organlschen Lfisungsmlttein Ittsllche Polymere vom Typ der Polyoxyalkylenglykolo unmd Ihrer 
Monoalkoxyderlvate sind fOr verschledene Anwendungsffille von Interesse, vor aliem in der Biotechnologle und angewandten, 
iTiedizlnischen Forschung. Oas setzt In Jodem Falle auch die Funktionallslerung dleser Polymeren, am besten durch kovalonte 
VerknUpfung, mit blologisch aktiven Verblndungen voraus. Olese kovalonte Blndung von blologisch aktiven Verblndungen 
erfordort abor, daB zunSchst einmal roaktivo Derlvato dor genannten Polymeren vorllegen, die zu diesen 
VerknQpfungsreaktlonen bofShigt sind. Die blsher beschrlebenen Mothodon zur Aktlvlerung und Funktionallslerung mit 
blologisch aktiven Verblndungen der hydroxylgrupponhaltlgen Polyoxyalkylenglykolo und der Monaikoxydorivato diesor 
Polymeren (Life Sci., 1983. 33. 1467-1473) roichen fOr eIne brelto Anwendung aber mit Sicherhoit nicht aus. Mit primSren 
Am nogruppen. Thiolgruppen. Amldoxlgruppon, Hydroxamsiurogruppen odor KarbonsMurehydrazidgruppen substitulerte 
Derlvato der Polyoxyalkylonglykole und Ihre glelchartig substltulerton IVIonoalkoxyderlvate steilen ebenso geelgnete Derlvato 
dieser Polymeren dar, um blologisch aktlve Verblndungen an sle kovalent zu binden. zumal mit diesen reaktlven Gruppen 
substitulerte Polymere dor genennten Art aus den hydroxylgruppenhaitigon Ausgangspolymeren durch In der Regel einfacho 
chomische Reaktionen synthetlslert warden kOnnen. 



Zlel der Erfindung 



Das Ziel der Erfindung besteht darin, blologisch aktlve Verblndungen an mit prlmfiran Aminogruppen, Thiolgruppen, 
AnriidoxiiTigruppen, Hydroxamsauregruppen oder Karbonsaurehydrazldgruppon substitulerte Polymere vom Typ der 
Polyoxyaikylenglykoie und Ihrer Monoalkoxyderlvate nach Aktlvlerung der genannten, funktionellen Gruppen kovalem zu 
blndon, Dadurch sollen modiflzlerle, blologisch aktive Verblndungen mit brelten Anwondungsmfiglichkelten erhalten werden 



Oarlagung des Wesens der Erfindung 



Aufgabo der Erflndung 1st es, mit prlmflren Aminogruppond, Thiolgruppen, Amidoximgruppon, HydroxamsBuregruppen und 
Karbonsaurehydrazldgruppon substitulerte Polyox/alkylenglykole odor Ihre ebenso substltulerton Monoalkoxyderlvate In eine 
aidivlerte Form zu QberfOhren und an diese aktivlerten Polymeren biologlsch aktlve Verblndungen kovalent zu binden 
Erfindungsgemas wird das dadurch errelcht, daB prImBre Aminogruppen. Thiolgruppen. Amidoximgruppon, 
Hydroxamsauregruppen oder Karbonsaurehydrazldgruppon onthaltendo Polymere, abgeleltet vom Typ der 
Polyoxyalkylenglykolo oder Ihrer Monoalkoxyderlvate, In wUSrlgen Ldsungen im pH-Berelch von 2.0 bis 1 2.0 oder organlschen 
Ldsungsmittein bezlehungsweise Gemischen organischor Losungsmlttol oder Gemischen von waSrigen Lfisungen und 
organlschen L6sungsmltteln bel Reaktionstempereturon im Boreich von O'C bis 160'C im Verlaufe von 30 Minuten bis 8 Stunden 
gegobenenfalls In Gegenwart elner Puffersubstanz oder oinos sBureblndenden Mittols. mit bl- oder multifunktlonellen 
Aktlvierungsmittein umgesotzt und ektivlort werden und an die aktivlerten Polymeren In wBBrlgon Lfisungen, die gegebenenfalls 
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gepuffert sind oder Gemischen dieser mit organischen Lflsungsmitteln odar in organlschen Ldsungsmittein odor In Gernischen 
organischer Ldsungamittol, In letzleren belden Fallen gegebanenfalls In Gegenwart sSureblndender Mlttel, im Vorlaufa von 

aOMInutonblBiaStundenbelTomparaturanvonO'CblslBO'CblologlschalrtlvoVarblndungantovalantgebundanwerdan.Ale 
blologlsch aktlvo Verblndungen fOr die erflndungsgemSBe, kovatente Bindung an PolyoKyalkylenglykole und Ihre 
Monoalkoxyderlvato warden niodor- und hochmolekulare Verblndungen eingesetzt. Neben Ihrer blologlschen WIrksamkelt 1st 
(Or olne erfolgrelche und stabile Bindung an die genannten Polymeren das Vorllegen reaktlver, funktloneller Gruppenzusiullche 
Vorausselzung. Ernndungsgen^fili werden blokatalytlsch aktive Verblndungen wie Enzyme -bevorzugtsolche aus den Klassen 
dor Oxidoreduktason, Transforason, Hydrolason und tBOinerasen-Mikroorganlsmon, tlorischo, pflanzllcho und humane Zellen 
Zolloroanollen, synthetlsche Enzyme oder Koonzyme, aber auch blokatalytlsch Inaktlvo Protoino wio Antigone, Anllk6rpor 
Wachstumafaktoren, Blutgerlnnungsfaktoren, Intorferone, Homoprotoino, Albumino und zuckerblndende Protoino wIe die 
Loktinekovalent gebunden. Andero blologlsch aktlvo Verblndungen, die den zuvor genannten Kategorlen nicht zugoordnot 
worden kdnnen und die fOr eine kovalento Bindung an Polyoxyalkylenglykolo und ihre Monoalkoxyderlvato in Frago kommen, 
sind zum Belspjel Nukleirisfiuron, BruchstQcke dor Nuklelnsfiuren, Koonzyme, Peptide. Haptene, Hormone, Vltamino, Pharmaka 
sowio Sauerstoff bindende, transportlornde und aktlvierondo, synthetlsche Vorbindungar.. 
Als b|. Oder multifunktlonelle Aktlvierungsmittel lOr mIt prlmlren Aminogruppen, Thiolgruppon, Amidoximgruppen, 
Hydroxamsauregruppen odor Karbonsaurohydrazldgruppen substltulerto Polyoxyalkylenglykolo Und Ihre Monoalkoxyderivalo 
worden DIaldehyde. aromatlscho, diazotierto Diamine, Diisocanato, Dllsothlocyanato, Saurechlorlde, saureazido, und aktivlerto 
Estervon DikarbonsBuron, Dlepoxido, Chinono, Karbodilmido, Epihaiogenhydrine, 2,4,6-Trlhalogon-1,3,5-triazlno, oder 
2-substilulerto,4,6-Dih8iogen.1,3,6-tri8zlno vorwondot, woboi die Auswahl der bl- odor multifunktionellen Aktlvierungsmittel 
auch durch die ReaktivilBt der substituiorton Polymeren boatimmt wird. Die Aktivlorungsreaktionon werdon vorzugsweise in 
organischen Ldsungsmittein ausgefOhrt und dann bei Reaktionstomperaturen von 20">C blsBO'C Im Vorlaufo von 30 Minuton bis 
6 Stunden. Da bei oinor Roihe von Reaktionen Sauren freigesetzt werdon, wIrd in diosen Fallen In Gegenwart oinos 
saureblndenden IVIittels gearbeitot, zum Boispiel oinem tortiarem Amin, Helrocyclen mit endocyciischom, teritiarem 
Stickstoffatom, Aikallhydroxiden, Alkalikarbonaten, Alkaiialkoholaten oder Aikaiisaizon kondenslorter Aromaton und 
Hoteroarometen. Die ebenfalls m6glichon Aktivlerungsreaktionen mit oinor Roihe bl- odor multifunktionolier Aktlvierungsmlltoi 
In wSBrlgcn L6sungen werdon bei aaurefrelsebonden Reaktionen vorzugswelso in Gegenwart von Pufforsubstanzon 
durchgefOhrt. 

Die Reaktionen zur kovalenten Bindung dor blologlsch aktiven Vorblndungon an die aktivlorten Polyoxyalkylenglykolo und ihre 
iWonoalkoxyderivato kdnnen in AbhSngigkoit von dor zu bindondon Komponento untor untorschledlichslen 
Reaktionsbodingungen ausgefOhrt werden. Eine bovorzugto Varianto, vor ailom fOr Protoino, bosteht darin, daB die blologlsch 
aktiven Verblndungen In PufferlSsungen mit pH-Werten von 2,0 bis 12,0 bei O'C bis 60«C im Vorlaufo von 1 Stundo bis 12 Stunden 
an die Polymeren kovalont gebunden warden. EIno andero bovorzugto Varianto bosteht darin, daB die kovalonte BInduna der 
blologlsch aktiven Verblndungen in wSBrigen Lfisungen, Gemischen dieser mit organischen Ldsungsmittein, organischen 
Lflsungsmitteln oder Gemischen organischer Ldsungsmlttol bei O'C bis 100'C, bol SBuren froiseUondon Reaktionen in 
Gegenwart oines saureblndenden iVlittoIs, im Vorlaufo von 1 Stundo bis 10 Stunden erfolgt. Eine woitero orfindungsgomaBo 
Variant© 1st dadurch gekennzelchnet, daS Blokatalysatoron und hierbei vorzugswelso Enzyme, In organischen Ldsunosmittoln 
Oder Gemischen organischer Lttsungsmittel bol O'C bis 100'C, bei sauron frelseUenden Reaktionen in Gegenwart oines 
sdureb indenden IMIttois, Im Verlaufo von 1 Stundo bis 10 Stunden kovalent an die substituiorton Polyoxyalkylonglykoie und ihre 
Monoalkoyderivate gebunden worden. Bel den Umsotzungen In organischen Ldsungsmittein gogebenenfalls froigosetzto 
sauron worden durch saurebindonde Mittel wie torltiare Amine. Hetorocyclen mit endocyciischom, tortiarem Stickstoffatom, 
Alkahhydroxlde, Alkalikarbonato, Alkalialkoholate, odor Aikaiisaizon kondensierter Aromaton und Heteroaromaton gebunden 
und noutralisiert. 

Fur die isoilerung und gogebenenfalls orfordorlicho Roinigung dor an substituierte Polyoxyalkylenglykolo und Ihre 
IVIonoalkoxyderivato kovalent gebundonen. blologlsch aktiven Verblndungen stehen eine Vielzahi bekannter Methoden zur 
Verf Ogung. Die mit Blokatalysatoron odor mit biokntalytlsch inaktiven Proteinen modlfizierton Polymeren worden in der Reael 
aus den wdBrigen Reaktionsldsungen nach Methoden der Protelngowinnung und Proteinroinlgung zum Boispiel durch Dialyso 
Ultrafiltration und Gefriertrocknung odor durch Failungsreaktionon mit anorganischen Salzen und organischen Ldsungsmittein 
Isoliert. Die dabel gewonnenen Produkte kdnnen durch chromatographlsche Mothode.i wie die Gel-, lonenaustauscher oder 
Affinitatschromatographie welter geroinigt werden. In organischen Ldsungsmittein idslicho Reaktionsprodukte der 
Umseuungsroaktlonen, besonders die Kopplungsprodukto von niedermolekularen, blologlsch aktiven Vorblndungon mit don 
substituiorton Polyoxyalkylenglykolon und ihren Monoalkoxyderlvaten, werden aus den Reaktionsldsungen durch Vordampfen 
der organischen Ldsungsmittel, gegobenenfalls im Vakuum oder durch Feilungsroaktionen mit anderen organischen 
Ldsungsmittein odor nach VorseUen der Reaktionsldsungen mit Wasser durch Extraktlon mit in Wassor nIcht idslichen oder 
mischbaron, organischen Ldsungsmittel und AusfSllen aus diosen Ldsungsmittein Isoliert. Auch diese Reaktionsprodukte 
kdnnen woiter geroinigt werdon. zum Boispiel durch Umfailon. Umkristallisieren odor mit Methoden dor Chromatographio 
Mit hilfe des orfindungsgemBBon Vorfahrens kdnnen eine Vielzahi blologlsch aktiver Verblndungen in einfacher Wolso an 
Polymoro vom Typ dor Polyoxyalkylonglykoie und ihrer Monoalkoxyderlvato kovalent gebunden werdon. Durch die kovalento 
Bindung ontstehen noue und stabile Derivate blologlsch aktiver Verblndungen. Sie besiUon fOr die pralctische Anwenduno 
vortellhafte Eigenschafton, da sie in der Rogol sowohi in waBrigen Ldsungon als auch in organischen Ldsungsmittein ISslich 
sind. Dadurch ergeben sich breite und vorbessorte Anwondungsfelder dieser modifizierten Polymeren in der Biotechnologie, 
Blochomie, Pharmazio und Modzin. Die Erfindung wird enhand von Belsplelen welter eriautert 
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AusfOhrungsbelspiel 
Belsplell 

Bcotonlschen Ldaung von 0,8o Cyanurchlorid in 5ml Acoton versetit. Das Reaktionsgemlsch wird 3 Stunden bel 
Umgebunosternparatur goiOhrt. danach mit 25ml dflstllllertem Wasser veraeUt und anschileBend drelmal mit Jewells 15ml 
Chloro^Drmex^rahlert.Da8Chlo,oformwlrdverdampft,und,umfe^^^ 

vompH-Wert10,0aufBeldstePenlcllllnacvlaseaddlert.NachdemFilt,lerenwlrddleL8sung8StSn^^^^^ 
elSotunSTyrpS^^^ 

Belspl8l2 

Igw.w'.Diamlno-polyethylenglykol (MG 6000) werden in 10ml 0.05 moiarem PhospliatpuffervompH-Wert7 Oaelfist Zuder 

L6sungwerdena3ml25%iflerGlutarald6»,ydaddlortDleLasunBwlrd1StundebolUmBebungsS^^^ 
d naciiwerdanlOmgCho^^^^^ 

IgrngtlXXS^ 
BeisplelS 

PhS«.™?fl!S'i? P-'-ocJa'nase kovalent gebunden, mit der Ausnahme, daS ein 0.1 molarer 

chmmroShTertS^^^ 
Belsplel<6 

Ent$prechend Belspiei 2 werdon die Enzyme Cliolesterlnoxidase und Lipase (aus Rhizopus arrhlzus) modinziart mit der 
Ausnahme, daB w.iVleti,oxy.W.amlno-polyethylenglyl(oi verwendet werden! modinzlert, mit der 

BelsplelS 

Pni^f ^«'\yf'0''«'"8a"f««|f tivates des Polyethylengiykols (MG 6000) wIrd In 10ml 0,05 normaler Natronlauge geldst mit 1 ml 
Epichlorhydrin versetzt, und daa Reaktionsgemiscti wird 3 Stunden auf SO'C eri,itzt. NacI, dom AbkOh rSLs a^Sl 
DerKratdesPo^rethylenglykolsdrelmalmitjewellslSmlCliloroformausderwaBHgen 
verdampftundzumfestenRQck8tandwerden.10mgConcanavalinAaddiert,dasin?0mI^^^^^^ 

JCmUAlr^lS^^^^^^^^ 
Belaplet6 

SSir^?5^aZL«l.^„^d^^ moiarem Phosphatpuffervom 

PH-Wart 7,0 liergestollt, und die resultlerende Suspension wIrd 6 Stunden bel 4"'Cger0hrt Die Susnenslon wirrt H«n«rh 

dest.ier,esWasserdiaIysIert,undderFeststoffwlrddurchZentrlfugat^^ 

FeststoffesohneDiaiyse wird diesermehrfachmitdestilllertemWassergewaschen und zentrS^^^^ 

Belspiei 7 

^O*^' warden In 20mi Ciiioroform geldst und 0,4ml 

Istundab^^^^^^^^ 

lStundebelUmgebungstemperaturger0hrt,danacliaufetwa5mlelngeengtundschlieBiiclimit50mitrockenem^E^^^^^ 

auf Umgebungstemperatur gebracht und 1 Stunde be) dieser Temperalur gerOhrt. Danach wIrd gegen des Zrtes 
Sephadex G50 waiter aufgetrennt, urn die modifizlerten Enzyme in reiner Form zu erhalten. '"""^"P"" 
Belspiei 8 

1 g Polyethylengiykoi-w,vAdikarbons8ure-dlhydrazid (IMG 6000) wird gemelnsam mit 0,5g Benzochinon in einem 

wird auf 6ml eingeengt und mit 50ml Petrolether versetzt. Der NIederschiag wird abgetrennt. gatrocSund !u 20ml efn^ 
TstZn blK"'H 20mg Rinderserum-Albumln aufgelL Zen'addi^^^^^^^^^^^ 

SichtphTlSer''*'''"''''''"^'^ 
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BelsplelS 

1 p w-MethowV-mercapto-polyet^ (MQ 6000) warden in 26ml Beniengeldst. un(IO,8g 2.Methoxy-4.6.dlchlor.1.3 B- 

Belsplel 10 

l£Mm?Hi?i ""^ Cyanurchlorld warden In 50ml trockenem Benzan 

geiast, und (He Ldsung wird 3 Stunden bei Umgebungstemperatur gerOhrt. Die Ldsung wird flltrlert, mit aOmflLlDase e^s 
Rhbopus arrhlzus verseW, und die Suspension wird 3 Stunden bai 60«C gerflhrt. Nacli dem AbSrwlrd ffila?u 
Benzan im Vakuum bei Normaltamperatur entfernt. Der ROckstand wird I'n dastlrtem Zrauf^^^^^^^^ 

iL'laeirrt • 
Belsplel 11 

1 g w'-AmidoxImderivat das w-Methoxy-polyethylenglykols (MG 6000) warden zu 16mlfri8cii destllliertem Dlmafhuiinrm-mw 

Reaktlonsgemlsch wird auf Umgebungstemparatur gebracht und 2 Stunden gerOhrt. Danach wird das Raalrtion™!.,.!, i„ 

75m destil arte8Wassereingetragen,unddreimalwlrdmltIawails20mlBenzeneS^ 
Natrlumsulfa gorocknet auf5bl8l0mlelnoeengtundmlt75 

g^ 0 £ t"° ' '"'"''•n^'^rten Komplexea aua Himln und Imidexol wird gesammel. und bai UmgebuCte^^^^^^ 
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For information purposes only 

Method for covalently bonding biologically active compounds 
to substituted polyoxyalkylene glycols and their monoalkoxy 
derivatives 

Area of application of the invention 

The invention relates to a method for covalently 
bonding biologically active compounds to substituted 
polyoxyalkylene glycols and their monoalkoxy derivatives. The 
method, and the compounds which are prepared by this method, 
can be used in biotechnology, biochemistry, pharmacy and 
medicine . 

Characterization of the prior art 

Macromolecular compounds possessing amino groups are 
very frequently used, and those possessing thiol, amidoxime, 
hydroxamic acid or carboxylic hydrazide groups are less 
frequently used, for immobilizing biologically active 
compounds (Methods Enzymol. 1988, 137, [Immobilized Enzymes 
and Cells], Pts. A-D, Ed. by K. Mosbach) . However, in this 
form, the macromolecules which are provided with said 
functional groups can only be used in immobilization 
reactions when reactive, biologically active compounds which 
possess highly activated groups are to be bonded covalently 
to the macromolecules. However, in connection with 
immobilization reactions, the macromolecular compounds 
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possessing said functional groups are as a rule activated 
prior to the covalent bonding of the biologically active 
compounds, which in practice means that the functional groups 
of the macromolecules have to be converted into a reactive 
stage which is such that a dilution reaction of the two 
components can take place. 

In compounds which contain amino, thiol, amidoxime, 
carboxylic hydrazide and hydroxamic acid groups, in the 
latter compounds the oxime group =NOH can also be present as 
a tautomeric form, the functional groups possess nucleophilic 
properties, which means that they are accessible to 
nucleophilic substitution reactions and also a very wide 
variety of addition reactions. These reaction types belong to 
the fundamental reactions of synthetic chemistry and novel 
compounds can be synthesized in this way by means of a large 
number of reactions which link two or more known compounds. 
These reaction principles are also used for activating the 
insoluble macromolecules, such as cellulose, sepharoses, 
sephadexes and polyhydroxyethyl methacrylates which are 
suitable for immobilizing biologically active compounds. 
Bifunctional or multifunctional low molecular weight 
activating agents are very frequently used with advantage in 
these cases because, in this way, the macromolecule is 
already present in activated form after one reaction step. 
The activating agents which are bifunctional or 
multifunctional and which are suitable for activating 
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macromolecules include a large number of readily available 
chemical reagents which are suitable for an activation. 
Examples of some important activating agents are dialdehydes, 
activated dicarboxylic acid derivatives, aliphatic dihalides 
and aromatic and heteroaromatic dihalides which have been 
made reactive by activation and/or more highly halogenated 
compounds and f unctionalized diamine compounds which have at 
the same time been made reactive. 

Polymers of the polyoxyalkylene glycol type, and 
their monoalkoxy derivatives, which are soluble in aqueous 
solutions and organic solvents are of interest for a variety 
of applications, principally in biotechnology and applied 
medical research. In every case, this also requires the 
f unctionalization of these polymers, optimally by means of 
covalent linkage, with biologically active compounds. 
However, this covalent bonding of biologically active 
compounds first of all requires the availability of reactive 
derivatives of said polymers which are capable of undergoing 
these linking reactions. The previously described methods for 
activating the hydroxyl group-containing polyoxyalkylene 
glycols and the monoalkoxy derivatives of these polymers, and 
f unctionalizing them with biologically active compounds (Life 
Sci., 1983, 33, 1467-1473) are certainly not adequate for any 
wide application. Derivatives of the polyoxyalkylene glycols 
which are substituted by primary amino groups, thiol groups, 
amidoxy groups, hydroxamic acid groups or carboxylic 
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hydrazide groups, and their monoalkoxy derivatives which are 
substituted in the same way, likewise constitute derivatives 
of these polymers which are suitable for biologically active 
compounds to be bonded to them covalently, especially since 
polymers of said type which are substituted by these reactive 
groups can be synthesized from the original, hydroxyl group- 
containing polymers by what are as a rule simple chemical 
reactions , 

Aim of the invention 

The aim of the invention is to bond biologically 
active compounds covalently to polymers of the 
polyoxyalkylene glycol type, and their monoalkoxy 
derivatives, which are substituted by primary amino groups, 
thiol groups, amidoxime groups, hydroxamic acid groups or 
carboxylic hydrazide groups after said functional groups have 
been activated. Modified, biologically active compounds 
having a wide range of possible applications are to be 
obtained as a result. 

Explanation of the nature of the invention 

The object of the invention is to convert 
polyoxyalkylene glycols which are substituted by primary 
amino groups, thiol groups, amidoxime groups, hydroxamic acid 
groups and carboxylic hydrazide groups, or their monoalkoxy 
derivatives which are substituted in the same way, into an 
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activated form and to covalently bond biologically active 
compounds to these activated polymers. According to the 
invention, this is achieved by reacting, and activating, 
polymers which contain primary amino groups, thiol groups, 
amidoxime groups, hydroxamic acid groups or carboxylic 
hydrazide groups, and which are derived from the 
polyoxyalkylene glycol type, or their monoalkoxy derivatives, 
in agueous solutions in a pH range of from 2.0 to 12.0, or 
organic solvents, or, respectively, mixtures of organic 
solvents or mixtures of aqueous solutions and organic 
solvents, at reaction temperatures in a range of from 0°C to 
150°C, in the course of from 30 minutes to 8 hours, if 
appropriate in the presence of a buffering substance or of an 
acid-binding agent, with bifunctional or multifunctional 
activating agents and covalently bonding, over the course of 
from 30 minutes to 12 hours and at temperatures of from 0°C 
to 150°C, biologically active compounds to the activated 
polymers in aqueous solutions, which are buffered if 
appropriate, or mixtures of these solutions with organic 
solvents, or in organic solvents or in mixtures of organic 
solvents, in the latter two cases in the presence of acid- 
binding agents, where appropriate. Low molecular weight and 
high molecular weight compounds are employed as biologically 
active compounds for the covalent bonding, according to the 
invention, to polyoxyalkylene glycols and their monoalkoxy 
derivatives. Aside from their biological activity, the 
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presence of reactive, functional groups is an additional 
requirement for successful and stable bonding to said 
polymers. According to the invention, biocatalytically active 
compounds such as enzymes, preferably those from the 
oxidoreductase, transferase, hydrolase and isomerase classes, 
microorganisms, animal, plant and human cells, cell 
organelles, synthetic enzymes or coenzymes, and also 
biocatalytically inactive proteins such as antigens, 
antibodies, growth factors, blood coagulation factors, 
interferons, hemoproteins , albumins and sugar-binding 
proteins such as the lectins, are covalently bonded. Examples 
of other biologically active compounds which cannot be 
assigned to the previously mentioned categories and which are 
suitable for covalent bonding to polyoxyalkylene glycols and 
their monoalkoxy derivatives are nucleic acids, nucleic acid 
fragments, coenzymes, peptides, haptens, hormones, vitamins, 
pharmaceuticals and synthetic compounds which bind, transport 
and activate oxygen. 

Dialdehydes, aromatic, diazotized diamines, 

diisocyanates, diisothiocyanates, acid chlorides, acid 
azides, and activated esters of dicarboxylic acids, 
diepoxides, quinones, carbodiimides, epihalohydrins, 2,4,5- 
trihalo-1, 3, 5-triazines, or 2-substituted 4, 6-dihalo-l, 3, 5- 
triazines are used as bifunctional or multifunctional 
activating agents for polyoxyalkylene glycols, and their 
monoalkoxy derivatives, which are substituted by primary 
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amino groups, thiol groups, amidoxime groups, hydroxamic acid 
groups or carboxylic hydrazide groups, with the choice of the 
bifunctional or multifunctional activating agents also being 
determined by the reactivity of the substituted polymers. The 
activation reactions are preferably carried out in organic 
solvents and then at reaction temperatures of from 20 °C to 
80°C in the course of from 30 minutes to 6 hours. Since acids 
are released in a number of reactions, the reactions in these 
cases are carried out in the presence of an acid-binding 
agent, for example a tertiary amine, heterocycles having an 
endocyclic, tertiary nitrogen atom, alkali metal hydroxides, 
alkali metal carbonates, alkali metal alkoxides or alkali 
metal salts of fused aromatic and heteroaromatic compounds. 
The activation reactions, which are likewise possible, using 
a number of bifunctional or multifunctional activating agents 
in aqueous solutions are preferably carried out in the 
presence of buffering substances in the case of acid- 
releasing reactions . 

The reactions for covalently bonding the biologically 
active compounds to the activated polyoxyalkylene glycols and 
their monoalkoxy derivatives can be carried out under a very 
wide variety of reaction conditions depending on the 
component which is to be bonded. A preferred variant, 
especially for proteins, consists in the biologically active 
compounds being covalently bonded to the polymers, at from 
O^C to 60°C and in the course of from 1 hour to 12 hours, in 
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buffer solutions having pH values of from 2.0 to 12.0. 
Another preferred variant is for the covalent bonding of the 
biologically active compounds to take place in aqueous 
solutions, mixtures of these solutions with organic solvents, 
organic solvents, or mixtures of organic solvents, at from 
0°C to 100°C, in the presence of an acid-binding agent in the 
case of reactions which release acids, and in the course of 
from 1 hour to 10 hours. Another variant according to the 
invention is characterized by biocatalysts , and in this 
connection preferably enzymes, being covalently bonded to the 
substituted polyoxyalkylene glycols and their monoalkoxy 
derivatives, at from 0°C to 100*^C and during the course of 
from 1 hour to 10 hours, in organic solvents or mixtures of 
organic solvents, and in the presence of an acid-binding 
agent in the case of reactions which release acids. Acids 
which may possibly be released in the reactions in organic 
solvents are bound and neutralized by acid-binding agents 
such as tertiary amines, heterocycles having an endocyclic, 
tertiary nitrogen atom, alkali metal hydroxides, alkali metal 
carbonates, alkali metal alkoxides or alkali metal salts of 
fused aromatic and heteroaromatic compounds. 

A large number of known methods are available for 
isolating and purifying, as may be necessary, the 
biologically active compounds which are covalently bonded to 
substituted polyoxyalkylene glycols and their monoalkoxy 
derivatives. The polymers which are modified with 
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biocatalysts or with biocatalytically inactive proteins are 
as a rule isolated from the aqueous reaction solutions using 
methods of protein isolation and protein purification, for 
example by means of dialysis, ultrafiltration and freeze 
drying or by means of precipitation reactions using inorganic 
salts and organic solvents. The products which are obtained 
in this connection can be purified further by means of 
chromatographic methods such as gel chromatography, ion 
exchange chromatography or affinity chromatography. The 
reaction products of the conversion reactions which are 
soluble in organic solvents , particularly the products of the 
coupling of low molecular weight, biologically active 
compounds to the substituted polyoxyalkylene glycols and 
their monoalkoxy derivatives, are isolated from the reaction 
solutions by means of evaporating the organic solvents, where 
appropriate in vacuo, or by means of precipitation reactions 
using other organic solvents or after treating the reaction 
solutions with water, by means of extracting with organic 
solvents which are not soluble or miscible in water and 
precipitating from the solvents. These reaction products can 
also be subjected to further purification, for example by 
means of reprecipitating or recrystallizing or using 
chromatographic methods. The method according to the 
invention can be used to covalently bond a large number of 
biologically active compounds to polymers of the 
polyoxyalkylene glycol type, and their monoalkoxy 
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derivatives, in a simple manner. The covalent bonding results 
in the formation of novel and stable derivatives of 
biologically active compounds. They possess properties which 
are advantageous for practical application since they are as 
a rule soluble both in aqueous solutions and in organic 
solvents. This results in these modified polymers having wide 
and improved areas of application in biotechnology, 
biochemistry, pharmacy and medicine. The invention is 
explained further with the aid of examples. 

Exemplary embodiment 
Example 1 

1 g of w, w ' -dimercaptopolyethylene glycol (MVS 6000), . 
in the form of its sodium salt, is dissolved in 7 ml of 
distilled water, and 10 ml of acetone are added dropwise to 
the .solution. The solution is cooled down to from 5°C to 10°C 
and an acetonic solution of 0.8 g of cyanuric chloride in 
5 ml of acetone is added dropwise. The reaction mixture is 
stirred at ambient temperature for 3 hours after which it is 
treated with 25 ml of distilled water and then extracted 
three times with in each case 15 ml of chloroform. The 
chloroform is evaporated and 50 mg of penicillin acylase, 
dissolved in 0.1 molar borate buffer, pH 10.0, are added to 
the solid residue. After filtering, the solution is stirred 
at ambient temperature for 8 hours. After that, the solution 
is dialyzed against distilled water, concentrated down to 
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2 ml by ultrafiltration and lyophilized. 
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Example 2 

1 g of w, w' -diaminopolyethylene glycol (MW 6000) is 
dissolved in 10 ml of 0.05 molar phosphate buffer, pH 7.0. 
0.3 ml of 25% glutaraldehyde is added to the solution. The 
solution is stirred at ambient temperature for 1 hour and, 
after that, 10 mg of cholesterol esterase in lyophilized form 
are added to the solution. The reaction mixture is stirred at 
4°C for 5 hours and then dialyzed against distilled water. 
The resulting solution is concentrated down to 2 ml by 
ultrafiltration and lyophilized. 

Example 3 

The enzyme p-lactamase is covalently bonded in 
accordance with example 2 except that a 0.1 molar phosphate 
buffer, pH, 6.4, is used and, for the purpose of isolating and 
purifying the modified enzyme, the dialyzed and concentrated 
reaction mixture is loaded onto an affinity support-filled 
chromatography column and chromatographed . 

Example 4 

The enzymes cholesterol oxidase and lipase (from 
Rhizopus arrhizus) are modified in accordance with example 2 
except that w-methoxy-w ' -aminopolyethylene glycol is used. 
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Example 5 

1 g of the bishydroxamic acid derivative of 
polyethylene glycol (MW 6000) is dissolved in 10 ml of 
0.05 normal sodium hydroxide solution after which 1 ml of 
epichlorohydrin is added and the reaction mixture is heated 
at 80°C for 3 hours. After cooling, the activated derivative 
of the polyethylene glycol is extracted three times from the 
aqueous solution with in each case 15 ml of chloroform, after 
which the chloroform is evaporated and 10 mg of 
concanavalin A, which was dissolved in 10 ml of 0.1 molar 
borate buffer, pH 10.0, are added to the solid residue. The 
solution is stirred at 30°C for 9 hours and, after that, 
dialyzed against distilled water containing a calcium salt 
and a zinc salt. The solution is then concentrated down to 
2 ml and the modified concanavalin A is isolated by 
precipitating with ammonium sulfate. 

Example 6 

A reaction mixture consisting of 1 g of the 
bisamidoxime derivative of the polyethylene glycol (MW 6000) , 
1 ml of 25% glutaraldehyde and 0,1 ml of a suspension of the 
microorganism Bacillus subtillis in 20 ml of 0.1 molar 
phosphate buffer, pH 7.0, is prepared and the resulting 
suspension is stirred at 4°C for 5 hours. The suspension is 
then dialyzed against distilled water and the solid is 
separated off from the solution by centrif ugation . In order 
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to isolate the solid without dialysis, it is washed several 
times with distilled water and centrifuged. 

Example 7 

1 g of w-methoxy-w ' -hydroxamic acid polyethylene 
glycol (MW 5000) is dissolved in 20 ml of chloroform, and 
0,4 ml of toluene diisocyanate, dissolved in 5 ml of dry 
acetone, is added to the chloroform solution. The reaction 
solution is stirred at ambient temperature for 1 hour, after 
which it is concentrated down to about 5 ml and finally 
treated with 50 ml of dry ether. The precipitate which has 
sedimented out is collected and dried and in this form added, 
at 4°C, to an enzyme solution which was prepared by 
dissolving choline oxidase or choline esterase in distilled 
water. The resulting solution is brought to ambient 
temperature and stirred at this temperature for 1 hour. The 
solution is then dialyzed against distilled water, after 
which it is concentrated down to about 2 ml and lyophilized. 
The residue is fractionated by gel chromatography using 
Sephadex G50 in order to obtain the modified enzymes in pure 
form. 

Example 8 

1 g of polyethylene glycol-w, w ' -dicarboxylic 
dihydrazide (MW 6000) is dissolved, together with 0.5 g of 
benzoquinone, in a solvent mixture composed of 15 ml of 
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chloroform and 10 ml of acetone. 0.2 g of potassium carbonate 
is added to the solution and the reaction mixture is stirred 
at 50°C for 3 hours. After cooling, a solid residue is 
filtered off and the solution is concentrated down to 5 ml 
and treated with 50 ml of petroleum ether. The precipitate is 
separated off, dried and added to 20 ml of a 0.1 molar borate 
buffer, pH 8.0, in which 20 mg of bovine serum albumin are 
dissolved. The solution is stirred at ambient temperature for 
8 hours, after which it is dialyzed against distilled water; 
it is then concentrated down to about 2 ml and finally 
lyophilized . 

Example 9 

1 g of w-methoxy-w ' -mercaptopolyethylene glycol 
(MW 5000) is dissolved in 25 ml of benzene, and 0.8 g of 
2-methoxy-4 , 6-dichloro-l, 3, 5-triazine and 0.5 ml of 
triethylamine are added to the solution. The reaction mixture 
is stirred at 80°C for 4 hours and, after cooling, is 
extracted three times by shaking with in each case 20 ml of 
distilled water. The benzene layer is evaporated to dryness 
and 10 ml of 0.5 molar borate buffer, pH 10.0, in which 20 mg 
of bovine hemoglobin were dissolved, are added to the 
residue. The solution is stirred at ambient temperature for 
8 hours after which it is dialyzed against distilled water 
and concentrated; the residue is then fractionated 
chromatographically using a Sephadex G50-filled column. The 
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first column eluate contains the modified hemoglobin. 
Example 10 

1 g of imidazole, 1 g of w, w ' -dimercaptopolyethylene 
glycol (MW 6000) and 0.6 g of cyanuric chloride are dissolved 
in 50 ml of dry benzene and the solution is stirred at 
ambient temperature for 3 hours. The solution is filtered 
after which 20 mg of Rhizopus arrhizus lipase are added to it 
and the resulting suspension is stirred at 60°C for 3 hours. 
After cooling, the mixture is filtered and the benzene is 
removed in vacuo and at normal temperature. The residue is 
taken up in distilled water and this solution is 
chromatographed through a Sephadex G50 column. A 
biocatalytically active, modified lipase preparation is 
eluted from the column as the first fraction. 

Example 11 

1 g of w'-amidoxime derivative of the 
w-methoxypolyethylene glycol (MW 5000) is added to 15 ml of 
freshly distilled dimethylf ormamide in which 0.3 g of hemin 
and 1.5 g of imidazole have been dissolved. After all the 
components have dissolved, the solution is brought to a 
temperature of from 0°C to 4°C and a solution of diazotized 
benzidine is added to the solution. The reaction mixture is 
brought to ambient temperature and stirred for 2 hours. After 
that, the reaction mixture is introduced into 75 ml of 
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distilled water and this mixture is extracted three times 
with in each case 20 ml of benzene. The benzene solution is 
dried with sodium sulfate and then concentrated down to from 
5 to 10 ml after which 75 ml of petroleum ether are added. 
The precipitate of the w-methoxypolyethylene glycol-modif led 
complex composed of Hemin and imidazole is collected and 
dried at ambient temperature. 
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Patent claims : 

1. A method for covalently bonding biologically active 

compounds to substituted polyoxyalkylene glycols and their 
monoalkoxy derivatives, wherein biologically active compounds 
are covalently bonded, in aqueous solutions, which are 
buffered where appropriate, or in organic solvents, where 
appropriate in the presence of acid-binding agents, or 
mixtures of aqueous solutions and organic solvents which are 
buffered where appropriate or treated with acid-binding 
agents, or mixtures of organic solvents, where appropriate 
likewise in the presence of acid-binding agents, in the 
course of from 30 minutes to 12 hours and at temperatures of 
from O^'C to 150°C, to polymers which are derived from the 
polyoxyalkylene glycol polymer type, or their monoalkoxy 
derivatives, which contain thiol groups, primary amino 
groups, amidoxime groups, hydroxamic acid groups or 
carboxylic hydrazide groups and which are activated, in 
aqueous solutions in a pH range of from 2 to 12 or organic 
solvents or, respectively, solvent mixtures composed of 
organic solvents or mixtures of aqueous solutions and organic 
solvents, at reaction temperatures in the range of from 0°C 
to 150°C and in the course of from 30 minutes to 8 hours, 
where appropriate in the presence of an acid-binding agent or 
a buffering substance, with bifunctional or multifunctional 
activating agents, and the products are isolated and purified 
using methods which are known per se. 
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2. The method as claimed in claim 1, wherein the 
biologically active compounds employed are biocatalysts such 
as enzymes^ microorganisms^ animal, plant and human cells, 
cell organelles, synthetic enzymes and coenzymes or 
biocatalytically inactive proteins such as antigens, 
antibodies, growth factors, blood coagulation factors, 
interferons, hemoproteins, albumins, sugar-binding proteins 
or in-vitro-prepared conjugates composed of biocatalysts and 
biocatalytically inactive proteins or low molecular weight 
and high molecular weight effectors such as nucleic acids, 
nucleic acid fragments, coenzymes, peptides, haptens, 
hormones, vitamins, pharmaceuticals, synthetic compounds 
which bind, activate and transport oxygen, and also affinity 
ligands . 

3. The method as claimed in claim 1, wherein the 
bifunctional or multifunctional activating agents employed 
are dialdehydes, diazotized, aromatic diamines, 
diisocyanates, diisobiocyanates, compounds which 
simultaneously contain diisocyanate and diisothiocyanate 
groups, bisactivated derivatives of dicarboxylic acids such 
as acid chlorides, acid azides and activated esters, 
diepoxides , quinones, epihalohydrins, carbodiimides, 
2, 4, 6-trihalo-l, 3, 5-triazines or 2-substituted, 4, 5-dihalo- 
1,3, 5-triazines . 

4. The method as claimed in claims 1 and 3, wherein the 
activating reactions are carried out in organic solvents or 



287 950 

- 3 - 

mixtures of organic solvents, in the course of from 30 
minutes to 6 hours and at reaction temperatures of from 20°C 
to 80°C, and in the presence of an acid-binding agent in the 
case of activating reactions which release acids. 

5. The method as claimed in claims 1 to 4, wherein the 
covalent bonding of the biologically active compounds is 
effected in buffer solutions having pH values of from 2.0 to 
12.0, at from 0°C to 60°C, and in the course of from 1 hour 
to 12 hours. 

6, The method as claimed in claims 1 to 4, wherein the 
covalent bonding of the biologically active compounds is 
effected in aqueous solutions, mixtures of these solutions 
with organic solvents, organic solvents or mixtures of 
organic solvents, at from 0°C to 100°C, in the presence of a 
buffering substance or an acid-binding agent in the case of 
reactions which release acids, and during the course of from 
1 hour to 10 hours. 

7, The method as claimed in claims 1 to 4 and 6, wherein 
the covalent bonding of biocatalysts , preferably of enzymes, 
is effected in organic solvents or mixtures of organic 
solvents, in the presence of an acid-binding agent in the 
case of reactions which release acids, at from 0°C to 100°C 
and in the course of from 1 hour to 10 hours. 

8. The method as claimed in claims 1 to 3, 4, 6 and 7, 
wherein the acid-binding agents employed are tertiary amines, 
heterocycles having an endocyclic, tertiary nitrogen atom. 
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alkali metal hydroxides, alkali metal carbonates, alkali 
metal alkoxides or alkali metal salts of fused aromatic and 
heteroaromatic compounds . 

9. The method as claimed in claims 1 to 8, wherein the 

biocatalysts ^ employed are enzymes belonging to the 
oxidoreductase, transferase, hydrolase or isomerase class. 



Abstract 

(57) The invention relates to a method for 
covalently bonding biologically active compounds to 
substituted polyoxyalkylene glycols and their monoalkoxy 
derivatives. Polyoxyalkylene glycols and their monoalkoxy 
derivatives having functional groups which contain primary 
amino groups, thiol groups, amidoxime groups, hydroxamic acid 
groups and carboxylic hydrazide groups are converted, using 
bifunctional or multifunctional activating agents, into 
activated polymers in a first reaction step. Biologically 
active compounds, for example biocatalytically active or 
inactive proteins and more highly integrated systems such as 
microorganisms, are covalently bonded to the activated 
polymers in a second reaction step. The reactions are 
effected in aqueous solutions, organic solvents or mixtures 
of the two, where appropriate in the presence of an acid- 
binding agent. The modified, biologically active compounds 
are employed in biotechnology and medicine. 



